Endometriosis is a benign gynecological pathology in which immune system deregulation may play a role in its initiation and progression. In endometriotic lesions, intercellular adhesion molecule-1 (ICAM1) is released from the cell membrane by proteolytic cleavage of its extracellular domain, a process that coincides with increased expression and proteolytic activity of metalloproteinases such as MMP1 and MMP9. The objective of our study was to investigate the association between MMP1 and MMP9 activities and ICAM1 cleavage mediated by tumor necrosis factor (TNF) in eutopic endometrial stromal cells from women with and without (control) endometriosis during culture. The RNA was evaluated by RT-PCR, and the protein was determined by western blot (ICAM1, MMP1), casein or gelatin zymographies (secreted active MMP1 or MMP9 respectively), ELISA (soluble ICAM1 (sICAM1)), and fluorescence assay (secreted active MMP1). Under basal conditions, proMMP9 dimer and MMP9 were higher in endometriosis cell cultures. In stromal cultures derived from control women and those with endometriosis, TNF augmented the intracellular proMMP1 (1.2-fold in control stromal cells) and ICAM1 (1.4-and 1.9-fold), greatly increased MMP1 and proMMP9 levels, and the sICAM1 concentration (2.3-and 4.3-fold) in their media compared with basal levels. The combination of TNF and MMP9 increased the sICAM1 concentration 14-fold in the endometriosis cell media, whereas GM6001 inhibited the stimulatory effect of TNF in both cell cultures. The deregulation of MMP9, and the TNF participation in the MMP1 and proMMP9 secretions, in the MMP9 expression and in the expression and cleavage of ICAM1 may contribute to the pathophysiology of this disease.
Introduction
Endometriosis is a benign invasive gynecological pathology characterized by the presence of endometrial tissue outside the uterine cavity. It affects nearly 10% of women of reproductive age, and it is associated with progressive dysmenorrhea, dyspareunia, chronic pelvic pain, and infertility (Cramer & Missmer 2002 , Murphy 2002 , Bulun 2009 ). Despite the fact that this disease has gained increasing interest in recent years, with over 10 000 scientific publications on the topic, its etiology still remains unknown, with the retrograde menstruation theory being the most broadly accepted explanation (Sampson 1927) .
Additionally, the immune system plays a key role in the pathophysiology of endometriosis, and its deregulation permits the escape, implantation, and proliferation of endometrial cells that have invaded the pelvic cavity via retrograde menstruation. For those mechanisms to occur, the invading endometrial cells need to establish cell-cell or cell-extracellular matrix interactions with the peritoneal surface. Cell adhesion molecules (CAM), important mediators of these interactions, are functional receptors expressed on the cell membrane that participate actively in multiple physiological processes, such as leukocyte migration and activation, and also in pathological processes, such as tumor dissemination and metastasis (Dejana 2004 , Gavert et al. 2007 , Fan et al. 2009 ). Endometrial cells normally express adhesion molecules such as intercellular adhesion molecule-1 (ICAM1), a 90 kDa glycoprotein member of the immunoglobulin family, which is constitutively expressed by epithelial cells; however, it is expressed in a regulated pattern by stromal cells from endometrium during the menstrual cycle (Thomson et al. 1999) . ICAM1 function is related to the interaction between ICAM1 positive cells and cells from the immune system through the antigen lymphocyte function-associated antigen-1 (ITGAL) expressed on the leukocyte surface, modulating the cytotoxic activity of CD8C leucocytes and natural killer (NK) cells (Rothlein et al. 1988 , Tabibzadeh et al. 1994 , Vigano et al. 1994 . Alteration of the interaction between ITGAL and ICAM1 may be one of the crucial stimuli for the initiation and progression of endometriosis (Oosterlynck et al. 1991) . In recent years, the role of soluble ICAM1 (sICAM1) has been studied in detail because of its role in the development of cancer. Tumoral cells release this molecule, which conserves its binding capacity to the ITGAL antigen and competes with membrane-bound ICAM1, reducing the amount of leucocytes available for the recognition of surface ICAM1 on target cells and allowing the target cells to escape from leukocyte surveillance. In endometriosis, the concentration of sICAM1 released from endometrial cells and the augmented levels of this molecule in the peritoneal fluid show a direct and significant association with the inhibition of the cytotoxic activity of NK cells, the severity of endometriosis, and the type of endometriotic lesion (Somigliana et al. 1996 , Kupker et al. 1998 , Gonzalez-Ramos et al. 2007 .
In endometriotic lesions, ICAM1 is released from the cell membrane by proteolytic cleavage of its extracellular domain, with a parallel increase in expression and proteolytic activity of certain MMPs, including MMP1 and MMP9 (Vigano et al. 1998 , Chung et al. 2001 , Mizumoto et al. 2002 , Hudelist et al. 2005 . MMP1 shows altered levels in culture supernatants of uterine endometrial cells from patients with endometriosis compared with the endometria from healthy women (Sillem et al. 2001) , and a positive correlation between its altered secretion and the development and activity of endometriotic foci has been described (Kokorine et al. 1997) . Besides, it has been suggested that ICAM1 could increase MMP1 expression in cultured fibroblasts (Domeij et al. 2005) and that it might activate other MMPs, such as MMP9 (Chakraborti et al. 2003) . Regarding MMP9, augmentation of its activity in pathological processes has been reported to favor the progression of neoplasias, whereas its diminution inhibits the invasion of tumor cells both in vivo and in vitro (Declerck et al. 1992 , Fishman et al. 1997 . In eutopic and ectopic endometria from women with endometriosis, the activity of MMP9 might be augmented, thus favoring their potential proteolytic activity and tissue invasion (Chung et al. 2001 , Liu et al. 2002 , Collette et al. 2004 . The peritoneal fluid of these patients contains an elevated concentration of MMP9 with concomitant reduction in tissue inhibitor of metalloproteinases-1 (TIMP1), which favors its proteolytic activity, the degradation of the peritoneum and tissue invasion (Szamatowicz et al. 2002) . Tumor cell studies have demonstrated the participation of MMP9 in the cleavage of ICAM1; thus, it contributes to tumor resistance against NK cell cytotoxic activity (Fiore et al. 2002) .
Tumor necrosis factor a (TNF), a pleiotropic cytokine produced by several cell types, plays a role in proinflammatory diseases, and its abnormal production may contribute to the pathophysiology of endometriosis, favoring cell proliferation and tissue adhesion. Among the molecules regulated by TNF are ICAM1, MMP1, and MMP9, which are probably regulated through the NFKB1 pathway; all of these molecules are deregulated in endometria from women with endometriosis (Ulukus et al. 2006) .
In this study, we investigated the associations between MMP1, MMP9, and ICAM1 mediated by TNF in endometrial stromal cells obtained from women with and without endometriosis.
Results

MMP1, MMP9, and ICAM1 mRNA in stromal cell cultures
The MMP1, MMP9, ICAM1 mRNA levels were detected in control and endometriosis stromal cells with or without TNF (Table 1) . MMP1 mRNA expression was significantly higher in stromal cell cultures derived from control women (control cells) than those with endometriosis (endometriosis cells), and the addition of TNF did not affect its expression. The mRNA levels of MMP9 were significantly increased by 2.8-and 1.7-fold in the presence of TNF in both stromal cell cultures respectively being also higher in stromal cells from controls than from endometriosis patients. The mRNA of ICAM1 was not statistically different in basal condition, but in the presence of TNF it was 2.0-fold greater in stromal control cells than in endometriosis cells (P!0.05). (Fig. 1) . Active MMP1 secreted into the medium during culture was detected at low levels by casein zymography in control and in endometriosis cells cultured under basal conditions, and no differences were observed between stromal cells obtained from proliferative or secretory endometria. On the contrary, the TNF treatment strongly induced the secretion of active MMP1 in both cell cultures (P!0.05 compared with the basal), with a strong 51 kDa band and a slightly larger 53 kDa band corresponding to MMP1 and proMMP1 respectively ( Fig. 2A) . These results were confirmed by western blot (Fig. 2B ). This TNF-mediated increase in active MMP1 secreted into the media is shown in Fig. 2C . Similar results were obtained measuring the concentration of active MMP1 by a fluorescence assay in the cell media under basal conditions (control: 0.802G0.57 and endometriosis: 0.215G0.15 ng/mg protein) and after TNF treatment, with an increase of 20-fold in both control (nZ3) and endometriosis (nZ3) stromal cells compared with basal levels (P!0.05).
Secretion and activity of MMP9 in endometrial stromal cell cultures MMP9 secreted into the media of stromal cell cultures from control and endometriosis endometria was detected as three bands corresponding to putative proMMP9 dimer (170 kDa), proMMP9 (92 kDa), and active MMP9 (82 kDa) by gelatin zymography (Fig. 3A) . The secretion of proMMP9 dimer was detected under basal conditions in both control and endometriosis cells being 2.8-fold higher in endometriosis medium than in control medium (P!0.05). Although the active MMP9 was strongly detected in endometriosis media compared with control media, no significant differences were obtained when the MMP9 data were analyzed neither altogether (Fig. 2B ) nor separated in proliferative and secretory phase (control: 1.02G0.3 and 0.71G0.19; endometriosis: 1.88G1.3 and 3.86G2.3 AU respectively). The addition of TNF did not modify their secretion into control and endometriosis media compared with basal levels.
On the other hand, the secretion of proMMP9 was undetectable under basal conditions, but after TNF treatment, a strong secretion of the zymogen into the media from both control and endometriosis cells was obtained (P!0.05; Fig. 3A and B) .
The MMP1 and MMP9 activities were confirmed by the incubation of some gels into MMPs assay buffer that contained EDTA (4 mmol/l), which inhibit the enzymatic activity by the absence of Ca 2C in the buffer, and the corresponding bands were not observed (data not shown).
ICAM1 protein content and sICAM1 concentration in endometrial cell cultures
Under basal conditions, similar ICAM1 protein content was observed in control and endometriosis cell homogenates, and no statistically significant differences were observed when the data were separated in proliferative and secretory endometria (control: 0.42G0.11 and 0.77G0.21; endometriosis: 0.3G0.2 and 0.64G0.2 AU respectively). TNF increased 1.4-and 1.9-fold the ICAM1 protein contents in control and endometriosis cells respectively (P!0.05; Fig. 4A ). The basal concentration of sICAM1 was almost undetectable in the medium of control stromal cell cultures, whereas in endometriosis cell cultures there was a tendency towards a greater concentration of this molecule (Fig. 4B ). Similar results were obtained when the sICAM1 data were separated in proliferative and secretory endometria (control: 0.18G0.05 and 0.20G0.08 ng/mg; endometriosis: 0.26G0.02 and 0.41G0.18 ng/mg). In cells treated with TNF, sICAM1 concentration increased up to 2.3-and 4.3-fold with respect to basal concentrations in the media from control and endometriosis cell cultures respectively (P!0.05; Fig. 4B ).
Association between sICAM1 and active MMP1 or active MMP9 in culture media from stromal cells
In order to elucidate whether sICAM1 changes are associated with active MMPs, the relation between sICAM1 concentration and the activity of MMP1 or MM-9 was analyzed by the Pearson correlation test (r). Under basal conditions, there was no significant association between sICAM1 and active MMP1 detected in media from control cells (rZK0.54) or endometriosis cells (rZK0.18); however, a positive and significant correlation was obtained between sICAM1 and active MMP1 in the media from cells treated with TNF (Table 2) . On the other hand, a positive and significant association between sICAM1 and active MMP9 in basal and TNF-treated cells was only observed in the medium from endometriosis cell cultures (Table 2) .
Effect of TNF, MMP1, and MMP9 on ICAM1 cleavage in stromal cell cultures
To understand the mechanism by which MMP1 and/or MMP9 participate on the ICAM1 cleavage induced by TNF, control and endometriosis stromal cell cultures were treated with TNF and with the catalytic domain of either MMP1 or MMP9, or with the MMP specific inhibitor GM6001. The increase in sICAM1 concentration by TNF described previously was not modified by the co-incubation with the catalytic domain of MMP1 or MMP9 in control cell cultures; however, the presence of GM6001 not only completely inhibited the TNF-mediated increase in sICAM1 concentration, but it also reduced sICAM1 concentrations by 73% compared with basal levels (P!0.05; Fig. 5 ). On the contrary, in endometriosis cell cultures, the robust increase (8.0-fold) in sICAM1 concentration produced by TNF was almost duplicated (14-fold) by the addition of the MMP9 catalytic domain (P!0.05). Similar to what was observed in control cells, in endometriosis cell cultures, no significant difference was observed when TNF and the MMP1 catalytic domain were co-incubated. The inhibitor GM6001 prevented the stimulatory effect of TNF on these cells (Fig. 5) .
Discussion
Considering that endometriosis is a pro-inflammatory and invasive benign disease for which the pathophysiological mechanism remains unknown, several molecules have been studied to understand its etiology. In the present report, we studied the effect of TNF on ICAM1, MMP1, and MMP9 and determined the association between the active MMP enzymes and ICAM1 cleavage using cultures of stromal cells isolated from eutopic endometria from women with or without endometriosis.
The immune system plays an important role in the development of endometriosis. Several molecular and cellular alterations have been reported in endometriosis, including augmented macrophage number with increased secretory activity but diminished phagocytic activity, the reduction in NK cell number and activity for the recognition and elimination of ectopic endometrial cells (Lebovic et al. 2001 , Kyama et al. 2003 , Khan et al. 2004 . As previously mentioned, MMPs not only cleave the classical extracellular matrix substrates, but also cleave associated proteins of the cell membrane that, after being released, might mediate cell proliferation, apoptosis, migration, and communication among others processes (Mccawley & Matrisian 2001) . Therefore, the participation of these enzymes in the pathophysiology of endometriosis could be much broader.
Our results show that TNF induced both the protein and the activity of MMP1 in stromal endometrial cells from controls and endometriosis patients by mechanisms that have not yet been established. This study was performed at 24 and 48 h of cultures, a time frame that is probably sufficient for both de novo mRNA synthesis and its degradation; however, we did not observe any change in MMP1 mRNA expression by TNF treatment, either for short periods (2 and 6 h; data not shown) or for long periods (24 and 48 h), and a solid band that probably corresponds to basal MMP1 mRNA level was observed at all of the times studied. These results indicate the absence of the in vivo complex negative regulation of MMP1 gene expression by progesterone described for several MMPs (Osteen et al. 1996 , Henriet et al. 2002 . In addition, the strong response of the intracellular and secreted MMP1 protein levels to TNF was also confirmed by a specific antibody that recognized both the pro-and the active enzymes and also by the MMP1 enzymatic activity assay. As described in other papers (Rawdanowicz et al. 1994 , Henriet et al. 2002 , secreted MMP1 was determined by casein zymography, a technique that also detects the proMMP3 (57 kDa) and the active MMP3 (45 kDa) enzymes. We did not observe bands attributable to MMP3 as reported by Rawdanowicz et al. (1994) who detected the co-secretion of MMP1 and MMP3 as zymogens in endometrial stromal cells from the first passage, suggesting that its gene expression may be affected by the cell passage number.
The very low MMP9 mRNA levels and the strong secretion of the active MMP9 and its proMMP9 dimer, but not of the proMMP9, in endometriosis stromal cells compared with control cell cultures suggest both posttranscriptional and posttranslation modifications of MMP9. TNF induced the MMP9 mRNA in both cell cultures in agreement with other publications (Singer et al. 1999 , Collette et al. 2004 ; however, in contrast to these authors, who showed its maximal mRNA expression 6 h after TNF treatment and reduced expression at 12 h, we couldn't detect MMP9 mRNA at 3 and 6 h (data not shown) but we did in cells treated for 24 h. We cannot exclude an effect between 6 and 24 h, as intermediate times were not analyzed. The number of passages of these reports and ours may be also a temporary factor that affects the MMP expression. Although the three forms of MMP9 or gelatinase B were detected in the cell media, the dimer and the active enzyme were the most commonly secreted forms and did not vary with TNF treatment. The greater amount of active MMP9 in the supernatants of cell cultures from eutopic endometrium of endometriosis patients demonstrated that the augmented proteolytic activity in these endometria would be mediated, in part, by this enzyme, a finding supported by others studies (Collette et al. 2004 (Collette et al. , 2006 . Little is known about the biochemical properties and the function of the proMMP9 dimer; in mammalian cells, its intracellular dimerization and posterior secretion have been described (Olson et al. 2000) , showing a greater resistance to denaturation than the monomeric form. Therefore, the fluctuations in the relative amounts of this dimer and the proenzyme might have an additional role in the control of degradation of the extracellular matrix mediated by MMP9. Gelatin zymography also detects two other bands that correspond to proMMP2 (72 kDa) and the active MMP2, or gelatinase A (62 kDa); we did not evaluate this enzyme in the present study because of the strong saturated bands observed after 48 h culture. Even though both gelatinases have similarities, MMP9 possesses unique genetic, structural, and functional regulation (Olson et al. 2000) .
TNF strongly increased the content of proMMP9 secreted into the media of both stromal cell groups. Similarly, in the presence of the proper stimulus, endothelial cells release both the zymogen and the active forms of MMPs stored in cytoplasmic granules that can be quickly secreted without de novo synthesis (Taraboletti et al. 2002) , processes also described in other cell types such as neutrophils, in which TNF mediates the release of the protein contained in tertiary granules through different signaling pathways (Chakrabarti et al. 2006) . Therefore, the study of MMP9 protein and the secretion granules in endometrial cells are especially interesting because it would contribute to the full understanding of the mechanisms involved in this process. In addition, TNF has an important role in the deregulation of these proteases in endometriosis, with elevated levels of this cytokine in the eutopic endometrium during the secretory phase, in the peritoneum, and also in the menstrual and peritoneal fluids that correlate to the degree of pelvic adhesions (Cheong et al. 2002 , Kyama et al. 2003 .
One of the mechanisms by which TNF could be involved in the stimulation of MMP1 and MMP9 expression is through the NFKB1 pathway. The NFKB1 family is composed of several protein subunits that possess DNA binding and dimerization sites, and frequently found in diverse tissues that include the endometrium (Beinke & Ley 2004 , Chen & Greene 2004 , Ponce et al. 2009 ). In response to cytokines, such as TNF, NFKB1 is liberated from its inhibitory protein NFKBIA in the cytoplasm, and thus enabling its translocation into the nucleus, where it activates its target genes, one of which is MMP9 (Pahl 1999) . Another mechanism possibly involved in the MMPs stimulation is through the TNF union to its receptor TNFRSF1B that may also activate the AP-1 pathway, an element present in most of the MMP gene promoters (Sternlicht & Werb 2001 , Yan & Boyd 2007 .
The fact that TNF produced a strong augmentation of ICAM1 protein in both endometrial cell homogenates is in accord with other studies (Rothlein et al. 1988 , Vigano et al. 1994 , Thomson et al. 1999 , Wu et al. 2004 ) that demonstrate the strong ICAM1 induction mediated by proinflammatory cytokines in endometrial cultures, stimulation not observed on its mRNA suggesting posttranscriptional regulation of ICAM1 in long period of cell culture. Among the possible pathways by which TNF could mediate this increase is through the NFKB1 pathway, as it has been described in ectopic endometrial lesions in patients with endometriosis (Gonzalez-Ramos et al. 2007). Recently, our group reported the reduced presence and function of the NFKB1 pathway and IL6 mRNA in the ex vivo eutopic endometria taken from endometriosis patients during the late secretory phase (Ponce et al. 2009 ), and slight induction by TNF on IL6 expression in cultured endometrial explants taken from these patients during the mid-late secretory phase, response not observed in normal endometrial explants (Johnson et al. 2005b) or in isolated stromal cells of endometria from women with endometriosis (MC Johnson 2008, personal communication) . Therefore, the paracrine interactions between stromal, epithelial, and endothelial cells in the endometrium, and also between these cells and the extracellular matrix may be essential for mediating the cellular response, and the absence of this environment probably modifies the response observed in vivo.
Besides the positive effect of TNF on ICAM1 protein expression, this cytokine also stimulated an increase in ICAM1 cleavage in both stromal cell cultures, with those from endometriosis patients having a more robust response. These results coincide with previous studies using cytokines such as IL1B and IFNG, which augmented the normal release of sICAM1 in endometrial stromal cells, with the concentration also significantly greater in cell cultures from ectopic and eutopic endometria of patients with endometriosis than in controls (Somigliana et al. 1996 , Wu et al. 2004 , Mangioni et al. 2005 . It is possible that the increased cleavage of ICAM1 could be mediated by activation of proteases such as MMPs, which are strongly activated by various cytokines, including TNF (Curry & Osteen 2003) . Some researchers have suggested that the release of adhesion molecules like ICAM1 may be a mechanism for breaking adhesive interactions between cells contributing to the increased invasiveness observed in this disease (Gearing et al. 1992) .
The positive association between sICAM1 and active enzymes found in the presence of TNF in both control and endometriosis cells and in the absence of TNF in endometriosis cells, together with the suppression of this stimulatory effect by the competitive inhibitor GM6001, suggests that these enzymes might be involved in the release of ICAM1. Only the catalytic domain of MMP9 could significantly induce ICAM1 cleavage, and although MMP1 also induces its release, the results were weak, probably due to the partial degradation of the commercial MMP1 active peptide. Moreover, the aminoacidic sequence of the ICAM1 extracellular domain recognized by MMP9, but also a binding site for proMMP9 has been described in tumor cells resistant to the cytotoxic action of NK cells, which makes the proenzyme available to other proteases for its activation with the posterior ICAM1 cleavage from the cell surface (Fiore et al. 2002) . One of the proteases that can activate proMMP9 is MMP1, which also may be bound to the domain I of the ITGA2 present on the cell surface (Sternlicht & Werb 2001) . The fact that proMMP9 secretion was strongly increased by TNF in both control and endometriosis cell cultures, but that its basal level was significantly reduced compared with MMP9 and proMMP9 dimer, mainly in endometriosis cells, supports the hypothesis that other proteases may be contributing to the activation of this enzyme.
Given that GM6001 is not an exclusive inhibitor of MMP1 and MMP9, it is not possible to clarify the causeeffect relation in ICAM1 cleavage, and other strategies will be necessary, such as specific MMP1 or MMP9 interference RNA silencing. Also, the results obtained suggest that other proteases may participate in the processing of ICAM1; on this topic, kidney fibroblasts that coexpress ICAM1 and the metalloproteinase ADAM17 augment sICAM1 concentration, an effect that is blocked when this enzyme is inhibited (Tsakadze et al. 2006) . ADAM17 participates in the cleavage of several molecules that include proTNF and its membrane receptors TNFRSF1A and TNFRSF1B, contributing to the availability and half life of the cytokine (Zheng et al. 2004 , Murphy 2008 . Moreover, this enzyme is importantly increased in eutopic endometria from endometriosis patients compared with those from control patients (Johnson et al. 2005b) , and therefore, it could have a plausible role in this mechanism.
The similar results obtained in proliferative and secretory endometrial stromal cells at passages 2-3 cultured in the absence of ovarian steroids suggest the loss during culture of their characteristic regulation on endometria in vivo; then, and similarly to other authors (Vigano et al. 2001 , Utsunomiya et al. 2008 , we analyzed all data together. As it has been widely reported, the stromal cells treatment with steroids induces their differentiation to predecidual stromal cells in vitro allowing the molecule synthesis expressed during the uterine receptive window (Sugino et al. 2000 , White et al. 2005 . Interestingly, the molecular differences were maintained in stromal cells derived from control and from endometriosis endometria during cultures, indicating that eutopic endometria differ biochemically from normal tissue as Matsuzaki et al. (2005 Matsuzaki et al. ( , 2006 previously reported. Moreover, in the baboon endometriosis model, it has been reported that the early events and the progression of this disease with induction of molecular changes at the eutopic and ectopic endometria probably maintained by the peritoneal and endometrial microenvironments, and the communication between peritoneal and uterine cavities in both directions that facilitate the transference of substance in baboons (Hastings & Fazleabas 2006) and women (Bulletti et al. 2004) .
In summary, this pathology, although considered benign, involves invasive events similar to metastasis in which the ectopic endometrial tissue degrades the extracellular matrix during penetration into the peritoneal mesothelium, with augmented MMPs expression and activity in endometriotic lesions and peritoneal fluid, establishment of blood supply and secretion of growth factors, cytokines and hormones that facilitate its permanence in abnormal locations. The MMP9 deregulation, the TNF effects on MMP1 and proMMP9 secretion and also on the expression, and cleavage of ICAM1 might explain the ectopic tissue resistance to immune system recognition, and its augmented proteolytic activity contributing to the pathophysiology of endometriosis and its high recurrence in these patients.
Materials and Methods
Subjects
Samples included endometria from ten eumenorrheic reproductively normal women without endometriosis who underwent laparoscopic tubal sterilization or hysterectomy for a benign nonendometrial gynecologic condition (control group), and ten eutopic endometria from women undergoing laparoscopy for diagnosis of endometriosis and later surgically Table 3 Clinical characteristics of women without (control) and with endometriosis.
Control (nZ10)
Endometriosis ( confirmed. Table 3 shows the clinical characteristics of the women with and without endometriosis. The age and body mass index (BMI) of controls and patients were not statistically different, and endometriotic foci were localized on the peritoneum (90%) or in the ovaries (10%), and the severity was categorized according to the American Society of Reproductive Medicine guidelines (1997) . All the surgeries were done in the San Borja-Arriarán Clinical Hospital. All participating women signed a written informed consent approved by the Institutional Review Boards of University of Chile and the Metropolitan Central Health Service of Chile. Women with antecedents of hormonal treatment or contraceptives during the previous 6 or 3 months respectively or with neoplastic, endocrine, or infectious diseases were excluded from the present study. Menstrual cycle stage of the endometrial samples was determined according to the histological Noyes' criteria (Noyes et al. 1975) by an experienced pathologist, resulting in four control and three endometriosis samples in the proliferative phase, and six controls and seven endometriosis samples in the secretory phase.
Tissue sampling, isolation, and endometrial stromal cell culture Endometrial samples from controls and patients were obtained with suction pipelle from the uterine fundus during surgery and were transported at 4 8C in sterile PBS. The tissue was washed with cold PBS to remove blood clots and cut into fragments where one piece was used for histological analysis. The endometrial biopsies were chopped and then digested with collagenase type I (1 mg/ml; Worthington Biochemical Corp., Freehold, NJ, USA), dissolved in phenol red free DMEM (Invitrogen Life Technologies) and supplemented with DNase I (25 mg/ml; Sigma Co.) at 37 8C with agitation for 60 min. After resting for 10 min, the supernatant was filtered through a 100 mm pore nylon mesh (Becton Dickinson Co., Franklin Lakes, NJ, USA) to exclude the rest of the remaining glands. Then, it was centrifuged, washed twice with enzyme-free medium, and suspended in 1 ml culture media 3:1 v/v) , enriched with 2% fetal bovine serum (FBS; Invitrogen), 0.25 mg/ml ascorbic acid (Sigma), insulin-transferrin-selenium solution, 2 mmol/l glutamax-I, 0.25 mg/ml fungizone, 100 IU/ml penicillin and 5 mg/ml streptomycin (Invitrogen)). Cells were seeded on 75 cm 2 culture flasks and kept at 37 8C in a humidified atmosphere of 5% CO 2 /air until confluence. After that, the cells were detached with trypsin-EDTA (Invitrogen), reseeded once or twice in culture flasks and then, in six-well plates or Petri dishes (Orange Scientific, Braine-l'Alleud, Belgium) for RNA or protein studies respectively until reaching 80% confluence. The cells were deprived of FBS for 24 h in defined medium (DMEM, 0.1% (w/v) BSA (Sigma), 26 mmol/l NaHCO 3 , 25 mmol/l HEPES, 100 IU/ml penicillin, 5 mg/ml streptomycin) and incubated for 24 or 48 h in fresh defined media in the presence or absence of TNF (10 ng/ml; Chemicon International, Inc., Temecula, CA, USA) and MMP1 (0.7 nmol/l; human recombinant catalytic domain; Biomol International, Plymouth Meeting, PA, USA), MMP9 (1.3 nmol/l; human recombinant catalytic domain; Biomol) or GM6001 (100 mmol/l; Biomol). GM6001 was applied 30 min prior to TNF addition because it acts as a competitive inhibitor of MMPs by binding to their active site. The enzymes and inhibitor concentrations were previously determined in a dose-response curve in accordance with manufacturer's instructions and some reports (Galardy et al. 1994 , Mccawley & Matrisian 2001 . No significant differences were found between proliferative and secretory endometrial stromal cells (2-3 passages) for any molecule (MMP1, MMP9, ICAM1, and sICAM1) studied.
The purity of the isolated stromal cells was evaluated by immunocytochemistry using antibodies against vimentin (2 mg/ml, monoclonal, Calbiochem, Biosciences Inc., La Jolla, CA, USA), cytokeratin (2 mg/ml, monoclonal, Calbiochem), and PTPRC (CD45; 1:50 polyclonal, Dako Corp., Carpinteria, CA, USA) resulting in O96% purity for endometrial stromal cells, !4% for endometrial epithelial cells, and 0% for leucocytes in the cultures.
RNA preparation, cDNA synthesis, RT-PCR
Total RNA was isolated from stromal cell cultures using TRIzol (Invitrogen) plus 2.5 mg/ml glycogen (Chemicon), according to manufacturer's instructions; then, the purified RNA was resuspended in diethylpyrocarbonate-treated water, and its integrity was confirmed by agarose-formaldehyde electrophoresis. cDNA was synthesized from total RNA previously treated with DNAse DNA-free (Ambion Inc., Austin, TX, USA), according to indications of the supplier. Two microgram of RNA free from polluting DNA were incubated with random primers (Invitrogen), RNAse OUT (Invitrogen) and the U RevertAid H Minus M-MuLV RT (Fermentas AB, Vilnius, Lituania) for 60 min at 42 8C, following the indications of the supplier.
The amplification of MMP1, MMP9 and ICAM1 was made using specific primers: MMP1 (587 bp, accession NM 002421) upstream 5 0 -GGA GAT CAT CGG GAC AAC T-3 0 , downstream 5 0 GGG TAT CCG TGT AGC ACA TTC-3 0 (Zhang et al. 1998 (Vigano et al. 1998) . Two microlitres of cDNA per reaction were adjusted to a total volume of 25 ml by adding PCR buffer containing MgCl 2 (3 mmol/l for MMP1, 1 mmol/l for MMP9, and 2 mmol/l for ICAM1), Taq DNA polymerase (0.125 U for MMP1, 0.625 U for MMP9, and 0.2 U for ICAM1), 0.4 mmol/l of each primer, and 0.25 mmol/l dNTP. The reaction was performed in thermal cycler model MyCycler Version 1.065 (Bio-Rad) at 94 8C for 60 s (denaturation), at 62 8C for MMP1 and at 55 8C for MMP9, ICAM1 for 60 s (annealing), and at 72 8C for 60 s (extension). The linearity of each gene was determined previously in stromal cell cultures and was 35, 38, and 34 cycles for MMP1, MMP9, and ICAM1 respectively. As internal control, 18S rRNA was amplified routinely in all cDNA synthesis in the condition previously reported (Schmittgen & Zakrajsek 2000 , Johnson et al. 2005a . The amplified products were solved in agarose gel in a 1.0% (w/v) that included ethidium bromide, and the semiquantitation of PCR products was performed by image analysis (Kodak EDAS 290 Electrophoresis Documentation and Analysis System, Kodak 1D Image Analysis Software). Their identification was confirmed by sequencing (Macrogen Inc., Seoul, Republic of Korea).
Western blot for ICAM1 and MMP1
Cytosolic protein extracts were obtained as indicated previously with some modifications. Briefly, after recovering the supernatant, adhered cells were washed with PBS and then scrapped with lysis buffer, left to rest for 15 min on ice and then 0.05% (v/v) NP-40 was added followed by agitation for 15 s and centrifugation for 2 min at 17 300 g at 4 8C. The supernatant (cytosolic fraction that included plasmatic membrane) was recovered in a fresh tube, and the protein concentration was measured using the Bradford assay (Bradford Assay Reagent, Bio-Rad). Forty micrograms of proteins were denatured with loading buffer containing dithiothreitol (DTT), resolved on an 8% polyacrylamide gel by PAGE at 80 V for 150 min and electrotransferred onto nitrocellulose membranes (Bio-Rad) at 80 V for 120 min at 4 8C. Then, membranes were blocked with 5% (w/v) BSA in TTBS buffer (20 mmol/l Tris-HCl pH 7.6, 137 mmol/l NaCl, 0.1% (v/v) Tween 20) for 60 min, washed thrice for 10 min each with TTBS, and incubated with the primary mouse MABs for ICAM1 (1:1500; BD Biosciences, San Jose, CA, USA), MMP1 (1:1000; Chemicon) or ACTB (1:15000; Sigma) for 18 h at 4 8C. After washes, the membranes were incubated with secondary antibody conjugated with peroxidase (1:10 000) for 60 min at room temperature and then incubated in developing solution for chemiluminescence (Pierce ECL Western Blotting Substrate, Pierce, IL, USA). The images were captured with Discovery 10 gD (Ultralum, Claremont, CA, USA) using UltraQuant (version 6.0.0.344) software, analyzed with Kodak 1D Image, and normalized with ACTB.
Zymography for MMP1 and MMP9
The activities of MMP1 and MMP9 were determined in the cell culture medium. Fifteen microlitres of the medium incubated in loading buffer without DTT for 30 min at room temperature were resolved in 8% polyacrylamide gel copolymerized with gelatin (1 mg/ml, Sigma) or in 10% polyacrylamide gel copolymerized with casein (1 mg/ml, Merck) in similar conditions to those indicated for western blots above. In each electrophoresis run, a molecular weight marker was included, and in gelatin zymography, 0.01 mg/ml of latent and active MMP9 purified proteins (Chemicon) were run as internal standards. After the gels were run, they were incubated with Triton X-100 (2.5% v/v) for 20 min with constant rotating agitation at room temperature and were then incubated in MMP assay buffer (50 mmol/l Tris-HCl pH 7.4, 150 mmol/l NaCl, 20 mmol/l CaCl 2 , 0.02% (w/v) NaN 2 ) for 24 h at 37 8C. After the gels were stained and destained, the proteolytic gelatinase and collagenase activities were visualized as defined clear bands on a blue background. The bands were captured and analyzed similarly to PCR products. The zymography results are expressed as arbitrary units regarding the total microgram of proteins loaded (MMP1) or as values normalized to the internal standard (MMP9).
Enzymatic activity assay
The concentration of active MMP1 secreted into the media was determined in 100 ml of media using a Human Active MMP1 Fluorescent Assay kit (R&D System Inc., Minneapolis, MN, USA), according to the manufacturer's instructions. The relative fluorescence units were determined with an excitation wavelength of 320 nm and an emission wavelength of 405 nm using a SpectraMax M5/M5 e (Molecular Devices Corporation, Sunnyvale, CA, USA). The kit detection limit was 0.052 ng/ml, and the intra and interassay reproducibility was ranged from 9.6 to 10.0% and from 8.7 to 17.7% respectively.
ELISA for sICAM1
The sICAM1 concentration was measured in the media using the Immunoassay Human sICAM1 kit (R&D System, catalog number BBE1B), according to the manufacturer's instructions. Briefly, 100 ml of culture media were incubated for 1.5 h at room temperature, rinsed 4 times, and 100 ml of substrate were added for 30 min. The reaction was terminated with stopping solution and was measured in a microplate reader (Bio-Rad model 680) at a wavelength of 450 nm within 30 min. The minimal detectable concentration of sICAM1 was 0.096 ng/ml, and the intra and interassay reproducibility was ranged from 3.3 to 4.8% and from 6.0 to 10.1% respectively.
Statistical analysis
The level of significance was established as a!0.05. We tested the normal distribution of the data using the KolmogorovSmirnoff test and using parametric models like unpaired t-test when dealing with means and nonparametric tests like the Mann-Whitney U test or the Kruskal-Wallis H test when not dealing with means. Pearson correlation was used to investigate the associations between different variables tested in pooled results for stromal cell cultures from patients with endometriosis and from controls. Pearson tests and linear regression analyzes were applied using the software SPSS 13.0 (SPSS Inc., Chicago, IL, USA). Results are expressed as meanGS.E.M.
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